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As point+ out In reference I, low+ped t e s t s  of a -- scale model 

of the X-2 jettisonable nose section in the hngley 2Cfoot  free- 
spinnbg tmeL.indicated that the airplane nose section in its 
original configuration i s  inherently unstable gt+ that if jettisoned 
in this condition w a u l d  undergo rotations which w o u l d  cause accelez- 
ations dangerous to the pilot .  Recent results (data unpublished) 
obtained w i t h  -a model of a Settisonable nose section of another airplane 
have indicated that the rotary motion of an unstable nose jettisoned at 
high  speed may~not.~cessarily.be similm to that indicated a t  lm 
speed,  but that even if the nom does not rotate it w i l l  tend t o  trim 
away *om a n o e e f i r s t  f l i gh t  attitude which may cause deceleratdons 
dangeroqs to - the  pilot .  It appears that if the nose  could be made to 
continue flying In a nose-first stable attitude after being jettisoned, 
the deceleration would not be excessive and, in addition, would act on 
the gilot’s body In the  direction  (transverse) in which human tolerance 
t o  acceleration is greatest. . 

15 

Test data which indicate that flat fins of triangular shape could 
be used t o  stabilize the X 4  nose section are presented i n  reference 1. 
In an attempt to reduce the s i z e  of stabflizing fin necessary and t o  
s-lify the problem of fin retraction, the present supplementary 
investigation was made. . ?t..wy indicated by the contractor that the 
center of gravity could not be moved forward ae recomnded in 
reference 1, but that the f h s  tested during this investigation could 
extend behind the nose breakoff station where- those of reference I 
did not. 5 present investlgatian also included brief tests t o  
determine the  effect  of various bridle-line arrangements on the 
effectiveness of a parachute  attached to the rear of the nose section 
in prevent- rotati- of the nose section during free fall  when no 
fins were Fnstalled on the 11068 section. 

L length of nose section  (CmteM-avity  location is 
expressed 88 a percentage of this Length from the 
front end of the nose section) 

x, =, = longTtudinal, lateral, end normal body axes, respectively, 
through center of gravity of m e  

Ix, Iy, Iz Rzll”scale  values of moments of . inertia about X, Y, 
and z body exis, respective-, s lue fee t2  

P air densitr, slug6 per cubic foot 
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V airspeed,  feet per second 

drag coefficient af prachute (&;) 
sP projected area of fully inflated parachute, square fee t  

'I50 t e s t e  were  made with a -- 
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section of the Bell W alrplase, the same model used for the tea t s  
reported In reference 1. Photographs of the model are  pesented as 
figure I.& a dr- af the model is show'n in figure 2. The various 
stabil izing fins teated on the model are ipcluded in figure 2. 

of t h e  jettisonable nose 

For the parachute testa,  a @-5ncMiameter hemispherical-tgpe 
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parachute made from cloth having a porosity of 400 cubic feet of a i r  
flaw per s q w e  foot per mFnzlte measured at a. pressure of 1/2 inch of 
water w a s  used. When open in  the tunnel b i r  ekean, the parachute w a ~  
stable and abed itself approximately w i t h  the  direction of the air 
stream. The drag coefficient of t h e   p a c h u t e  '21) was 1.0 based on 

its projected €Pea. Figure 3 is a drawing of t he  m o d e l  ehcrwing the 
various method8 of attaching the parachute and the nomenclature and 
dimmioning 8 y s t a n  used for the parachute t e ~ t s .  

P 

W i n d  Tunnel and Testhg Technique 

The model t es te  w e r e  performed in the Langley 2Cbfwt f 'ree-apin~ing 
tunnel, the operation of,, which. ;La, in general, 8- to that described 
in reference 2 for t h e  langley lxoot free-epinnlng tunnel,  except that 
mOaels are now launched l n t o  the vertically rising air stream by hand 
rather thas f'rom a spindle .  A photograph Khich s h m  the tes t  section 
pf the -ley 2bfoot  free-8p- tunnel x i t h  a ty-pical spir&tUnnel 
airplane d e l  spinning in the tunnel is  shown &E figure 4. 

The test-  technique wed in  determining f in  s i z e  required for 
8 t a b i l i Z ? ~ b i O 1 1  w&8 essentially the same BB that  of reference 1. For 
the parachute tester,  the model was held in the  vertically rising air 
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Weight, percent 
Centee-avi ty  location, inches . . . . . . . . . . . . . . .  + o . o ~  
h n k s  of inertia, e h e f e e t 2 :  
11 . . . . . . . . . . . . . . . . . . . . . . . . .  ; . . . .  f10 
IY. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f12 
Iz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 

. .  . . . . . . . . . . . . . . . . . . . . . . . . .  fl 

Shbi l iza t ian  by Fina 

A tabulation of. the f M a k i I i z a t i a n   t e a t   r e s u l t @  obtained during 
the  lnvestiga$ion i e  presented in table .II. 

The requiregent that the fins be capable of retraction by folding 
against the sides of the fuselage i q o s e s  a deflnite limitatlon upon 
their smmrtere d a - m i o n  s b c e  they should not overlap when retracted. 
It X&B neceeeaz-y, therefore, in the pesent lnvest-igatian to use fins 
with an aepect r a t i o  of the order of 0.4. Teats reported Fn refe- 
ence 1 for the X 4  nose for another nose indicated that the use of 
fins w i t h  aspect ratios as  la^ as 0.8 and 0.4, reepectively, w a s  not 
desirable b e c w e  they caused each nose t o  a ~ ~ u m e  ~ c l l  attitude w i t h  its 
X d s  horizontal and to roll rapidly about this axis. A wjor differ- 
ence between the  lm-aspec-kratio fins of reference 1 and those of tb 
present investif gation, hawever, is that the p e e n t  fine a r e  farther 
rearward of the center of gravity becauee of the i r  extension beh- 
the breakoff station, Etnd it #BB f e l t  that this would prevent the nose 

. .  
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from trhming  hqrizontally 80 that it W o u l d  have T10 opportunity t o   a e t  
up a rolling rotation. This theory was borne out durkg the present 
investigation in which the no88 sectian showed no tendency to t r i m  
horizontally and roll. As a further check on t h i s  reamntng, the fins 
with an aspect r a t i o  of 0.8 used on the X42 model in reference I w e r e  
reinstalled at a nore rearward location so 88 t o  extend partly behind 
the breakoff station, and the model in this Condition a p e d  any applied 
rotation and descended stab- nose down; a s l m i l m  resul t  W&B obtained 
w i t h  the  other 11088 section mentioned in reference l w i t h  flns of aspect 
ratio 0.4 inetalled so a8 to extend behina the breakoff station. 

The resul ts  of tests in which curved fins of three s i zes  
(arrangements. A, B, and C in fig . 2 ) were added t o   t he  model indicate 
that when the largest of the three s i z e s  (fin6 c )  were used, the model 
&ped any applied .m%atian ard descended stab- nose down. The nottor+ 
picture  strips In figure 5 Rh- the model with curved f h 8  C attached 
as  it damped an applied  rotation about the Z body axie and descended 
stably nose dawn. From the results of references 1 and 3, it appears 
likely that i f  the nose centex-of-adty position could be moved 
fmard, c o r r e s ~ i n g l ~  smdbr. fine cazld be used far stabilization. 

The mtim-picture strips in figure 6 ehow the behavior of the 
model when curved fine B, which were  not lmge enough t o  stabiU.ze the 
nose, w e r e  installed. 

The f la t  fins of reference 1 w e r e  of triangulaz shape and did not 
extend beyond the breakoff station, and they therefore can not be 
directly compared t o  the curved fins of the present investigaticn. In 
an attempt to compare the relative  effectiveness of curved and f la t  
fine, brief additional tests were made uehg flat flns (arrangements D 
and E in fig. 2) attached Fn rad ia l  p h e s  at the same p s i t i a m  on the 
nose section as were  the curved flner. Althau& the results of these 
testa  indicated that s1igMI.y larger fins might be required if they 
were curved, subsequent inve atigations have revealed that the d i f f e r a c e  
was primmily due t o  the ensulng decrease in  wojected area in the 
radial plape because the w v e d  Pins were bent amy f m m t h e  straight 
fin positions. Tests o n  anotherr d e l  of a jettisanable nose aectian 
(data unpublishd) indicated that if curved fins are FnetalLed so that 
they have projected areas, in the plane of the flat fins, equal to the 
flat-fin areas, ther m e  equallg as effective. 

Stabili  zatian by Parachutes 

A tabulatian of the test results obtained when a pmachute w m  
attached to the. model without- fins is ccmtained in table 111. Far d l  
bridle arrangements tested, it was found that when the model w i t h  
parachute  attached wae released t o  float in the vert  1caU.y rising air 
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Eased on the resul ts  of supplementary tes t s  made in the 

L E q l e y  2cLfoot free43pinniD.g tunnel OII 8 " scale model of the 
15 

jettisonable nose section of the Bell X 4  airplane, the following 
concluaione are drawn: 

1. The nose section can be stabilized by the  addition of curved 
fins of suitable  size. 
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Flat fins 
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Figure 1.- Photographe - . "  of the L-acaLe- model OP t he  jettism&le nose 
15 . .  

eectian of the B e l l  X-2 airplane teeted in the W e g  20-foot free- 
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Figure 4.- Photograph ahow3ng the test section of Langley =-foot 
free-apinning tunnel. A t s p i c a l  win-tunnel airplane model is shown 
epinning in the tunnel. . ,. - 
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Figure 5 .- Moving-picture stripe of tes te  of the ---scale milel of the 1 

15 
Jet'cismable no88 section of the X-2 afrp lase s t h  ffns C attacheU. 
The model is sham aB it damped an applied mtatim about a vertical 
wind axie and tleecended etably nose down. Camera epeed was 32 frames 
per eecand. 
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Figure 5 0 -  Cancluded. 
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Figure 6.- Moving-picture  strips of tes ts  of the A-scale model of the 
jettisonable nom section of the X-2 airplane with fine B attached. 
The m o d e l  is shown oscillating thro- &z1 arc of approximately s o o  
f r o m  a noee-do= attitude. C a m e r a  eed waa 32 frames per second. 
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A mpplemntarg  investigation on the s t ab i l i za t ion  of the Jet t i -  
sanable nose section of the 14 airplane has been conducted in the 
hn&y 2CLfoot free-spinning tunnel. It wa6 found that the nose 
sectim could be e tab i l ized  by the addi t ian of curved fins which could 
be folded against t h e  fuselage f o r  normal. flight. 
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